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In the field of aerospace manufacturing, aviation aluminum alloy is the processed 
object that in great demand, and most of the high performance cemented carbide tools 
rely on imports. Due to the research on cemented carbide tool for machining aviation 
aluminum alloy started late in China, the overall level of material research, tool design 
and equipment manufacturing technology is not that high. In particular, the researches 
of whole process full chain type of cutting mechanism analysis, geometric structure 
design, grinding technology and process parameters optimization for machining 
aviation aluminum alloy parts with cemented carbide tool are lacking. In this 
dissertation, cemented carbide tool machining aviation aluminum alloy 7075 
including grinding mechanism, milling properties, cutting tool geometry and 
machining parameter optimization and other aspects was researched to provide the 
theoretical basis of the development and use of cemented carbide tool machining 
aviation aluminum alloy 7075. 
As the aspect of the grinding mechanism of cemented carbide material, the 
relationship between the grain size, grinding depth, grinding speed and grinding force 
was studied by using the single abrasive grain grinding model. The modeling method 
of virtual grinding wheel of random particle distribution was put forward to establish 
the grinding model of the multi-grains co-grinding cemented carbide material, of 
which the grinding force was predicted and experimentally verified. Combined with 
the model of multi-grains grinding and the finite element model of machine tool, the 
model of machine-process interaction was built with simulated coupling method. This 
new model conducted dynamic interaction coupling simulation on the grinding force 
and the axial deformation of machine tool grinding wheel, which improved the 
prediction of grinding force and better reflected the grinding process. Based on the 
motor power feedback monitoring technology, the grinding force adaptive control 















Grinding process and machining error compensation of grinding cemented 
carbide tool were researched. The grinding processes of carbide insert and solid 
carbide end mill were analyzed. Diamond bowl-shaped wheel for face grinding was 
analyzed through thermo-mechanical, and the effects of grinding wheel deformation 
of thermal coupling on machining accuracy were researched. On the basis of these 
studies, a method of detection in machining error of cemented carbide cutter and 
automatic compensation, which improved the manufacturing accuracy. 
The instantaneous cutting force model of cemented carbide cylindrical end mill 
was established. By the test of slot milling, the cutting force coefficients of the model 
were identified and the influence rules of milling parameters, milling cutter geometry 
parameters and cooling liquid on the coefficients were studied. Thus, a new model of 
cutting force coefficients containing axial cutting depth was built. Comparison of 
experimental data and predictive value verified the accuracy of the cutting force 
model. 
The influence rule of geometry parameters on the cutting force and cutting 
temperature of cemented carbide tool machining aviation aluminum alloy 7075 was 
studied. Based on this, a cutting force model and a cutting temperature model of 
cemented carbide tool machining aviation aluminum alloy 7075 were established. 
These two models took cutter geometrical structure factors into extra account 
compared with the traditional empirical model. The influence of process parameters 
(cutting speed, feed per tooth, axial cutting depth and radial cutting depth) on the 
cutting force and cutting temperature were also studied. The milling experiments 
verified that the new model of cutting force had good prediction ability and the laws 
between cutting force and process parameters were accurate. 
Take the processing of aviation aluminum alloy 7075 as research object, cutting 
force and cutting temperature as the objective function, the geometric parameters of 
cemented carbide tool were optimized with genetic algorithm. Meanwhile, the milling 
parameters were optimized by a variable integrated optimized function, which was 
built with linear weighting method to integrate four optimization objectives including 















guarantee the optimized milling parameters meet the practical need, the objective 
optimizing weights could be changed. Besides, 13 constraint functions, related to 
machine tools, cutting tools and workpieces, would make sure the optimized design 
results meet the practical processing need. On the basis of these two independent 
optimization processes, a co-optimization model of the geometry parameters and 
processing parameters was presented. The model realized simultaneously obtaining 
the optimum milling parameters and the best structure geometry parameters under 
specified optimization objectives. 
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